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SCMEEWFECTSOFLFADING-EXX!EROUGHNESSONTHEAILERON
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.

Inorderto determinesomeeffectsof fixingtransitionon aileron
effectivenessanddrag,theLangleyH.lotlessAircraftResearchDivision
hasmadea Unitedinvestigationoftheeffectsofaddingleading-edge
roughnesstothesurfacesofanunswept,untapered,6-percent-thick,
circular-~c-airfoilwingequipped,witha full-span,O.2:chord,plain,
trailing-edgeaileron.Thetestsweremadeby meansofrocket-propelled
modelsinfreeflightovera Machnuniberrangefrom0.6to 1.5.

Theresultsofthetestsindicatethattheadditionofroughness
reducestherollingeffectivenessat subsonicspeeds.Addingroughness
hadlittleeffectonrollingeffectivenessinthesupersonicrange.The
dragcoefficientwashigherforthewingwithroughnessthanforthesmooth
wingovertheentiretestWch numberrange.Theincreaseindragcoeffi-
cientwiththeadditionofroughnesswashigherforthewingwitha series
ofridgesthanforthewingwitha solidprojectionexceptinthetran-
sonicregion.

INTROWCTION

Inorderto determinesomeeffectsoffixingtransitiononaileron
effectivenessanddrag,theLangleyPilotlessAircraftResearchDivision
hasmadea limitedinvestigationoftheeffectsofaddingleading-edge
roughnesstothesurfacesofanunswept,untaperedwing. Theinvesti-
gationwas.madeusingrocket-propelledtestmodelsinfreeflight.Tests
weremadeona wingwithsmoothsurfacesandwithtwotypesofroughness
stripslocatedneartheleadingedge.Thewinghada 6-percent-thick
circular-arcairfoilsectionanda full-span,0.2-chordplainsesled
trailin$+edgeailerondeflected5°.
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aspectratio,b2/S,3.7

diameterof circlesweptby wingtips,ft

wingchord,ft

dragcoefficientbased”onexposedareaofthreewings,
1.563f-t~+

modelliftcoefficient,M&el lift
qs

coefficientwithangleofattack,

coefficientwithflapdeflection,

variationofmodellift
perdegree,&L/&

variationofmodellift
perdegree,aCL~

Machnumber

rollingvelocity,radians/see

dynamicpressure,lb/sqft

Reynoldsnmnberbasedonwingchord,0.590ft

totalareaoftwowingstomodelcenterline,sqft

modelflight-pathvelocity,ft/sec

wing-tiphelixangle,radians

angleofattack,deg

deflectionofeachflap,deg

DESCRIPTIONOFMODELSANDTESTS

Thegeometryanddimensionsofa typicaltestmcdelareshownin
photographpresentedasfigure1 andthesketchpresentedasfiaure2.

A close-upviewofa wingwithroughnessstripispr=sentedinfi~e 3.
Models1 and2 hadsmoothwingsurfaces.Models3,4, 5, and6 hada
seriesof ridgesonbothupperandlowersurfacesfromO.OICto 0.08c
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alongtheentirespan.Theridgeswere0.004inch(0.00057c)highon
models3,4, and5 and0.002inch(0.oc-028c)highonmodel6. Model?
hada solidprojection0.002inchhighand0.125inchwideonbothupper
andlowersurfaceslocatedwiththeforwardedgeoftheprojectionat
o.~c. Allmodelshad6-percent-thick,circular-arc-airfoilsectionsand
aspectratiosof 3.7,’wereunsweptanduntapered,andwereequippedwith
fuJ1-span,0.2-chordplainsealedtrailing-edgeailerons.Eachaileron
wasdeflected5°. A sectionviewofthewingis showntogetherwith
enlargedsketchesoftheforwardsectionsofthewingswithroughness
stripsinfigure4. AH.modelbodiesyerebodiesofrevolution,the
coordinatesofwhicharegiveninreference1.

Themodelswerepropelledto-amaximumMachnumberof1.5by a two-
stagerocketpropulsionsystem.Duringa periodoffreeflightfollowing
burnoutofthesecondpropulsionstage,flight-pathvelocity,rolling
velocity,range,andaltitudewererecordedcontinuouslyby radarand. spinsonderadioequipment.Thesedatawereusedwithatmosphericdata
collectedby radiosondeto calculatethevariationofrolling-effectiveness
parameterpb/2V anddragcoefficientCD withMachnuuiber.Thevaria-
tionoftestReynoldsnumberswithMachnumberisshowninfigure5.

A completedescriptionofthetesttechniqueisgiveninreferences1
and2.

ACC!URACY

Frompreviousexperienceit isestimated
testdataiswithinthefollowinglimits:.

pb/2V. . . . . . . . . . /. . . . . . . . .
CD . . . . . . ● . . ● . . ● . ● . . ● . . .
M.. . . . . . . . . . . . . . . . . . . . .

thattheaccuracyofthe

Wbsonic Supersonic

. *O.003 *O.()()2

. *O.003 *().002

. *().01 *O.01

The pb/2V valueshavenotbeencorrectedforinertiaeffects.For
thisreason,thelimitsoftheaccuracyof pb/2V aresomewhatlargerin
thetransonicregion.

RESULTSANDDISCUSSION

Thevariationoftherolling-effectivenessparameterpb/2V with
Machnumberispresentedforallmodelsinfigure6. Themethodofrefer-
ence3 wasusedto correctpb/2V valuesforthesmallamountofbuilt-in
wingincidenceresultingfromconstructiontolerances.
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Rolling~effectivenessdataforthevariousconfigurationsusedin
thisinvestigationaresummarizedinfigure7. Incaseswheremorethan
onemodelof a givenconfigurationwereflown,the pb/2V valueswere
averagedto givea singlecurvefortheconfiguration.Itmaybe seen
fromfigure7 thatrollingeffectivenesswashigherforthesmoothwing
thanforthewingwitheithertypeofroughnessstripinthesubsonic
range.Thewingwithsolidroughnessstripshadhigherrollingeffec-
tivenessthanthosewitha seriesofridges.At supersonic‘speedsthe
additionofroughnesshadlittleeffectonrollingeffectiveness.

Intestsona similarwing(ref.4)theadditionofroughnesswas
foundto decreasetheflap-effectivenessfactor%5 inthesubsonic
range.No CL valuesweregiveninreferencek forthewingwith
roughnessstrips.However,previoussubsonictestsshowthat ~ is

a
notappreciablyaffectedby theadditionofroughness(datafrom~ef.5
aretypical).Sincepb/2V isproportionaltotheratioof ~
to c~, thedatafromreferences4 and5 indicatea reductioninrolling
effectiveriessat subsonicspeedswhenroughnessisaddedto thewing.

Figure8 presentsthevariationofthedragcoefficient’CD with
Machnumberforthefourconfigurationstestedinthepresentinvesti-
gation.As inthecaseof pb/2V,dragcoefficientsforthevarious
modelsofa givenconfigurationwereaveragedto givea singlecurvefor
theconfiguration.Asmightbe expected,thedragcoefficientishigher
forthewingwitheithertypeofroughnessstripthanforthesmoothwing.
Theincreaseindragwiththeadditionofroughnessis slightlyhigherfor
thewingswitha seriesofridgesthanforthewingwitha solidprojection
excepttithetransonicregion.Changingtheheightoftheridgesfrom
0.00028cto 0.0~57capparentlyhadlittleeffecton drag.

Theslightincreaseindragcoefficientnear M = 1.0 forthewing
with0.cx2028cridgesoverthatoftheotherwingswithroughnessis
unexplained.However,it isbelievedthatthisdoesnotaffecttheother
testresultsforthiswing.

CONCLUSIONS

Theresultsofan investigationof someeffectsofleading-edge
roughnessontherollingeffectivenessanddragofanunswept,untapered,
6-percent-thickwingequippedwitha-full-span,0.2-chordplaintraili~-
edgeaileronindicatethefollowing:

1.Theadditionofroughnessneartheleadingedgeresultedin
reducedrollingeffectivenessat subsonicspeeds;therewasno appreciable
effectofroughnessonrollingeff~ivenessinthesupersonicrange.

C4
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2.Subsonicrollingeffectivenesswaslowerforthewingwithrough-
nessstripsformedby a seriesofridgesthanforthewingwithsolidpro-
jectionsofhalftheheightoftheridges.

3.Dragcoefficientwashigherforthewingwitheithertypeof
roughnessstripthanforthesmoothwingovertheentiretestMachnumber
range.

4.Theincreaseindragduetotheadditionofroughnesswashigher
forthewingswithridgesthanforthewingwitha solidprojectionexcept
inthetransonicregion;changingtheheightoftheridgeshadlittle
effectondrag.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,September9,1953.
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Figure 1.- Ty-picalmodel having roughness strip.
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Figme 2.- Sketch of typical model.
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L-640s0.1
Figure3.- Close-upviewofwingwithroughnessstrip.
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Figure4.-Wingsectiontogether
withroughness.Wingsection
10 timesfullscale.

Model 7

withenlargedforwardsectionsofwings
isfullscale,enlargedsectionsare

.

.

. . _______ .— —— _ __ ._



10

7’

6

5

4

R

NACARML53125

~6 I I 1 I I I 1 I I I I I

3 –

2 —

1 —

o I I I I I I I I I I I I
.4 .6 .8 1.0

M
1.2 1.4 1.6

Figure~.-RangeoftestReynaldsnumibersasa functionofMachnumber.
Reynoldsnumbersbasedonwingchord,0.5g0foot.
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(a)Models1 and2.

Hgure 6.- Variationofrollingeffectivenessparaneterpb/2V with
Wch number.Heightofroughnesson sketchesisexaggerated.~ = 5°.
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Figure6.- Continued.
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Figure6.- Concluded.
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